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(1)  Foreword 

Ideal  conditions  for  x-ray  amplification  in  the  multikilovolt  spectral  region  combine  an  exceptional 
set  of  circumstances.  They  are  summarized  by  the  production  of  cold,  low  opacity,  spatially 
directionally  organized,  and  vigorously  (10*®-10^°  W/cm^)  inner-shell  state-selectively  excited  high-Z 
matter.  The  results  reported  below  establish  that  the  alliance  of  two  recently  studied  phenomena, 
(a)  the  direct  multiphoton  excitation  of  hollow  atoms  firom  clusters  with  ultraviolet  radiation  and 
(P)  a  nonlinear  mode  of  confined  propagation  in  plasmas  resulting  from  relativistic/charge-displacement 
self-channeling,  can  successfiilly  produce  the  union  of  this  demanding  set  of  requirements. 
Experimental  evidence  and  corresponding  theoretical  analyses  have  led  to  the  conclusion  that  the  hollow 
atom  Xe(L)  emission  at  X  =  2.9  A  generated  by  248  nm  excitation  of  Xe  clusters  in  a  self-trapped 
channel  closely  represents  the  ideal  conditions  sought  for  x-ray  amplification.  Specifically,  on  the  basis 
of  (a)  a  detailed  examination  of  Xe(L)  spectral  data,  (b)  theoretical  analyses  of  the  mechanisms  of 
cluster  excitation  and  channeled  propagation,  and  (c)  calibrated  measurements  of  the  Xe(L)  energy 
yield,  the  exponential  gain  constant  gL  is  estimated  to  reach  a  value  of  gL=  60  ±  20  cm" ,  a  range 
approximately  two  orders  of  magnitude  above  the  competing  absorptive  losses.  The  measurements 
described  herein  confirm  these  assessments. 

Detailed  molecular  structural  information  is  of  enormous  significance  to  the  medical  and  biological 
communities.  Since  hydrated  biologically  active  structures  are  small  delicate  complex  three-dimensional 
(3D)  entities,  it  is  essential  to  have  molecular  scale  spatial  resolution,  high  contrast,  distortionless,  direct 
3D  modalities  of  visualization  of  specimens  in  the  living  state  in  order  to  faithfully  reveal  their  full 
molecular  architectures.  An  x-ray  holographic  microscope  equipped  with  an  x-ray  laser  as  the 
illuminator  would  be  uniquely  capable  of  providing  these  images  [1,2].  The  findings  presented  in  this 
report  (1)  experimentally  demonstrate  at  A,  =  2.9  A  the  operation  of  a  new  concept  capable  of  producing 
the  ideal  conditions  for  amplification  of  multikilovolt  x-rays  and  (2)  prove  the  feasibility  of  a  compact 
x-ray  illuminator  that  can  cost-effectively  achieve  the  mission  of  x-ray  biological  microholography  and 
likewise  serve  an  array  of  other  important  applications  involving  the  fabrication  and  measurement  of 
solid  state  nanostructures.  An  estimate  of  the  peak  brightness  achieved  in  these  initial  experiments  gives 
a  value  of-  10^Vs”^-nim'^-mr-^(0.1%  Bandwidth)"^  a  magnitude  that  is  ~10^-fold  higher  than  presently 
available  synchrotron  technology  [3]. 

(2) ,(3)NA. 

(4)  Statement  of  Problem  Studied 

The  development  of  methods  for  the  compression  of  power  in  materials  is  one  of  the  oldest 
endeavors  of  mankind  with  an  origin  that  precedes  the  Stone  Age.  From  the  use  of  a  wooden  club  to  the 
contenmorary  production  of  vigorous  thermonuclear  environments,  the  achievable  power  density 
(W/cnf)  has  been  advanced  by  approximately  a  factor  of  20  orders  of  magnitude  (~  10^“).  New 
processes,  involving  the  nonlinear  interaction  of  intense  (-  10^*-10^^  W/cm^)  fs  pulses  of  radiation  with 
matter  were  explored  to  enhance  further  the  controlled  production  of  these  environments  to  a  new 
ultrahigh  level  (~  W/cm^),  a  range  that  can  approach  «  100  W/atom. 
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(5)  Summary  of  the  Most  Important  Results 
See  attached  paper. 
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